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1
Tab.1 Test data of a shock absorber damping

/(mm-s™) 0 50 100 300 600 1 000
/' N 0 147.5 338 560 749.5 1 050

/(mm-s™) 0 -50 -100 -300 -600 -1 000
/' N 0 -160 =222 -333 4717 -696

- -7 (1)(2) 0
_(18 388.9 v’-44 766.7 v*+4 688.3 v 0<v<0.3 (1)
“1700 04350 003
_(—51 894.66 v*+11 815.80 v*+3 920.526 7v -0.1<v<0 2)
15267 0-169.33  ~1<w<-0.1
1.2
y mg ,my ,k 7kl ,u
o 2 , 3 4 o
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4
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Fig.1 A quarter active suspension model

mx"=k (x—x,)— fix.)—x,)+u
mlkxl,l”:k (xs_xu ) + ﬁ(xs’ _xu,)_kt(xu_xn ) —u
u=p lA 1—pP zA 2

s Jo(F) 0
1.3

o ; @~@®)
1 ) [5-6]

Q\=cwx, \/ &;‘M sgn (x,) +c wx, \/ Zpﬂ sgn(—x,)
Qo=cwx.\/ L(l)fm sgn (v,)+cox,\/ zpﬂ sgn(-x,)
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Fig.2 principle diagram of active suspension hydraulic actuator
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’ ’ A s~ Au !
QIZAl(xs -x, )+ Cin(Pl—Pz)‘Fvl-l-llgixx)pl (6)
’ ! A s~ Au !
QZZA Z(xs —Xy )+ cin(pl_pZ)_{_vz-'_zéix.X)pZ (7)
) 1 x>0 8)
sen(x)=
¢ 0 x<<0
:01,0, . iDs iD1,D2 N 3Ca HO)
,P ;xv ’ ’ x‘ ’
;A1,A, 3Cin ;B V1,02 \
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[xl9x2’x3yx4ax5axﬁ]'r:[xsrxs, vxusxu, 5p19p2:|r[‘9
x1’=x2
o = —k (x1=x3) = fo (v—x4)+u
2= m,
x3/=x4
9)
s = k(xi=x3)+ fo (x—24) =k, (x3—x0)-u
‘T m,
xS,:Hl [DZ(x2_x4)_D3(x5_x6> ]
xs/=Hz{D4xv[sgn(—x‘.) Vp—x6 +sgn(x,)V %6 | =Ds(x—x4)=De(x5—5) |
1 -1 /2 D=BA - :DBe- D=\ 2 . D=BA - D.=Be.
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alz_klel+773, (12)
61’:6’2—]‘5161,V1,:k1€12,V1' €€z o
2 ie)= —k (2,=x3) = fo (%2=26) H —ay= —k (x1=23) = fo (x—x4)+estan —o,
my ms
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' ! ! ’ 1 2 ’ 2 2, €263 ’
3 ie3 =P Al—Pz Ara), :V3=V2+783 JVii=—kie ke + m +eL€s ,
(7) ’x\’ ’ b
A 1N1+A 2N2+a2,—%—k3€3
= A Ns+A N, (13)
:Ni=H, [ Dy(y—x4)+D3(xv5—5) | , N)=Hy| Dy(0r—x4)+Ds(xv5—x5) | ,Ns=A \H,D, {sgn(xx) Vp—xs +sgn(—x,)Vxs I,
N4=A2H2D4[sgn(xv) \V Xg +sgn(—xv) V p—=x¢ ] ,kl ,kz,k3 o s V3l=—k1€12—k2€22—k3€32$0,
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2 b b Y 9’
. 3a~) 3 .
1) :xo=sin (4t ) .
2) :20=0.05cos (4mt+1)+0.05,0<:<0.5,
3) X’ (8)==2mnwxo(t)+27ne(t) V G (no)v w(t) v RIE
10 m+s",n,=0.011,n0=0.1,G,(ng)=256x10"°,
2 1/4
Tab.2 Simulation parameters of a quarter suspension model
1 /kg 690 8 ky/(N-m™) 18 000
2 kg 45 9 k/(N-m™) 200 000
3 /Pa 1.5x107 10 /mm 22
4 (o 0.6 11 /mm 6.2
5 C. 4.5x1078 12 vy/m? 1.2x10*
6 B/Pa 1.2x10° 13 vy/m? 1.1x10*
7 w 1.5x107 14 /(kg-m™) 900
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3
Tab.3 RMS values of various performance indicators
/(m-s7?) /m /m
2.223 4 0.036 7 0.004 2
0.548 9 0.029 0.001 5
0.948 5 0.017 2 0.001 9
0.183 2 0.012 3 4.983 9x10*
1.137 4 0.013 0.004
0.609 3 0.017 7 0.005 6
3(a)~(c) 3 , , backstepping
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Fig. 3 Body acceleration curves of various pavements
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Research on Backstepping Control of Nonlinear Active Suspension

Qiu Xiang

(Jiangxi University of Technology , Nanchang 330098, China)

Abstract: Because the suspension damping is nonlinear in active suspension control system, the error between
the control model and the actual one may exist due to linearization of suspension damping by way of classic con-
trol method. According to damping characteristic based on a shock absorber test, the study did piecewise fitting
in order to restore the damping’s nonlinearity. In light of hydraulic actuator dynamics, a dynamic model of a
quarter suspension was established. By use of backstepping nonlinear control method, a controller was designed
and its stability was analyzed. Finally, with a vehicle’s parameters, simulation for control system was completed
under various road conditions. The results showed that backstepping nonlinear method in active suspension con-
trol could improve body acceleration and comfort performance in premise of reconciling the suspension deflection
and dynamic wheel load performance.

Key words: nonlinear damping; actuator dynamics; active suspension; backstepping
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